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(57) ABSTRACT 

A high-frequency oscillator that can tune oscillation char 
acteristics is provided. A high-frequency oscillator includes 
a Gunn diode serving as a high-frequency oscillation ele 
rnent that generates high-frequency signals, a resonator 
connected to the Gunn diode, a varactor diode serving as a 
variable-capacitance element that is disposed on the reso 
nator and changes a resonance frequency, and a bias supply 
circuit that is connected to the varactor diode and supplies a 
bias voltage applied in order to change a capacitance. The 
bias supply circuit includes a trirnrnable chip resistor serving 
as a pre-set variable resistor that regulates a bias voltage 
applied to the varactor diode. By regulating the resistance 
value of the trirnrnable chip resistor, it is possible to control 
the capacitance value of the varactor diode and tune oscil 
lation characteristics to a desired state. 
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HIGH-FREQUENCY OSCILLATOR, 
HIGH-FREQUENCY TRANSMISSION-RECEPTION 

APPARATUS USING THE SAME, RADAR 
APPARATUS, AND 

RADAR-APPARATUS-EQUIPPED VEHICLE AND 
SMALL BOAT EQUIPPED WITH THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a high-frequency 
oscillator for use in a millimeter-Wave integrated circuit, a 
millimeter-Wave radar module or the like, and speci?cally, to 
a high-frequency oscillator in Which a bias supply circuit of 
a variable-capacitance element as a component of the high 
frequency oscillator is provided With a pre-set variable 
resistor, and Which can tune oscillation characteristics such 
as an oscillation frequency and a frequency modulation 
Width to a desired state With the pre-set variable resistor, and 
to a high-frequency transmission-reception apparatus using 
the high-frequency oscillator. 

[0003] Further, the invention relates to a radar apparatus 
comprising the aforementioned high-frequency transmis 
sion-reception apparatus, and to a radar-apparatus-equipped 
vehicle and a radar-apparatus-equipped small boat that are 
equipped With the radar apparatus. 

[0004] 2. Description of the Related Art 

[0005] Since before, a high-frequency oscillator Which is 
integrated and used in a millimeter-Wave integrated circuit, 
a millimeter-Wave radar module or the like, for example, as 
shoWn by a schematic cross section vieW in FIG. 16 is 
knoWn. The high-frequency oscillator shoWn in FIG. 16 is 
provided With: a Waveguide tube 51 Whose one end is 
short-circuited as a short-circuit end 51a and Whose other 
end is opened as an output end 51b; a Gunn diode 52 that is 
disposed in the tube in midWay of the short-circuit end 51a 
and the output end 51b of the Waveguide tube 51, and that 
generates high-frequency signals; a bias supply circuit 53 for 
applying a bias voltage to the Gunn diode 52; a varactor 
diode 55 serving as a variable-capacitance element, Which is 
disposed on a resonator 54 con?gured by a portion betWeen 
the short-circuit end 51a of the Waveguide tube 51 among 
the Waveguide tube 51 and the part on Which the Gunn diode 
52 is disposed; and a bias supply circuit 56 for applying a 
bias voltage to the varactor diode 55. 

[0006] Until noW, the bias supply circuit 56 used in the 
high-frequency oscillator as described above is provided 
With, for example, a ?xed resistor such as a chip resistor, and 
a bias voltage applied to the varactor diode 55 Was set 
depending on the resistance value of the ?red resistor. 

[0007] The high-frequency oscillator as an example of the 
conventional one can generate high-frequency signals of a 
millimeter-Waveband from the Gunn diode 52 by applying a 
bias voltage from the bias supply circuit 53 to the Gunn 
diode 52, resonate the high-frequency signals in the reso 
nator 54, and output high-frequency signals of a frequency 
of, for example, 77 GHZ from the output end 51b of the 
Waveguide tube 51. On this occasion, it is possible to change 
the frequency of output high-frequency signals by changing 
the capacitance value of the varactor diode 55 disposed on 
the resonator 54. It is possible to change the capacitance 
value of varactor diode 55 by a bias voltage applied to the 
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varactor diode 55. That is to say, by controlling a bias 
voltage outputted from the bias supply circuit 56 and applied 
to the varactor diode 55, it is possible to control the 
oscillation frequency of the high-frequency oscillator, and, 
for example, by providing the bias supply circuit 56 With a 
modulation signal source that generates voltage signals such 
as triangular Waves as modulation signals, it is possible to 
cause to output frequency-modulated high-frequency signals 
from the high-frequency oscillator. 

[0008] Further, the high-frequency oscillator as the 
example of the conventional one may use a nonradiative 
dielectric Waveguide (also referred to as an NRD guide 
hereinafter) as a high-frequency transmission line instead of 
the Waveguide tube 51, and such conventional examples are 
disclosed in, for example, Japanese Unexamined Patent 
Publication JP-A 6-268445 (1994), Japanese Unexamined 
Patent Publication JP-A 6-268446 (1994), Japanese Unex 
amined Patent Publication JP-A 6-268447 (1994) and J apa 
nese Unexamined Patent Publication JP-A 6-291552 (1994). 

[0009] The basic con?guration of the nonradiative dielec 
tric Waveguide is, as shoWn by a partially cutaWay perspec 
tive vieW in FIG. 17, a con?guration such that a dielectric 
line 63 Whose cross section shape in one virtual plane 
perpendicular to a direction in Which a line extends, is a 
rectangular shape such as a rectangle is placed betWeen 
parallel ?at plate conductors 61, 62 placed in parallel at a 
predetermined space a, and in the case Where the relation 
betWeen the predetermined space a and a Wavelength 7» of 
high-frequency signals is a 2M2, it is possible to avoid 
penetration of noise into the dielectric line 63 from the 
outside as Well as avoid radiation of high-frequency signals 
to the outside, and make high-frequency signals propagate in 
the dielectric line 63 With ef?ciency. The Wavelength A of 
high-frequency signals is a Wavelength in the air (free space) 
at a used frequency. 

[0010] Furthermore, the conventional high-frequency 
oscillator is, for example, as disclosed in Japanese Unex 
amined Patent Publication JP-A-2000-258525, integrated 
into a high-frequency transmission-reception apparatus that 
transmits and receives high-frequency signals, and more 
over, used in a radar apparatus into Which the high-fre 
quency transmission-reception apparatus is integrated. In the 
high-frequency transmission-reception apparatus or the 
radar apparatus, the high-frequency oscillator operates so as 
to generate high-frequency signals of, for example, a milli 
meter-Waveband and output high-frequency signals obtained 
by subjecting the generated high-frequency signals to fre 
quency-modulation such that the frequency repeatedly 
ascends and descends betWeen the loWer limit value and the 
upper limit value of the frequency in a speci?c frequency 
range. Then, an operation such that the high-frequency 
signals outputted from the high-frequency oscillator are 
additionally pulse-modulated by a modulator and outputted 
as transmission high-frequency signals from an antenna is 
performed. There is also a case Where high-frequency sig 
nals outputted from the high-frequency oscillator are out 
putted as transmission high-frequency signals as they are. 

[0011] Still further, an example of a conventional radar 
apparatus and a radar-apparatus-equipped vehicle equipped 
With the radar apparatus is disclosed in, for example, JP-A 
2000-258525. 

[0012] HoWever, the conventional high-frequency oscilla 
tor and the high-frequency oscillators as disclosed in JP-A 
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6-268445 (1994), JP-A 6-268446 (1994), JP-A 6-268447 
(1994) and JP-A6-291552 (1994) have a problem that subtle 
differences in connection states and operation states 
(referred to as load conditions) of the high-frequency trans 
mission line connected to the output end of the high 
frequency oscillator and other high-frequency circuit ele 
rnents easily cause a change of oscillation characteristics 
such as an oscillation frequency and a frequency modulation 
Width, and therefore, it is hard to stably obtain desired 
oscillation characteristics. The frequency modulation Width 
means a Width in Which a frequency is changed in the 
frequency modulation. 

[0013] Further, the high-frequency transrnission-reception 
apparatus using the high-frequency oscillator as described 
above has a problem that at the time of rnass-production 
thereof, load conditions of the high-frequency circuit ele 
rnents connected to the high-frequency oscillators and load 
characteristics of the high-frequency oscillators themselves 
may be individually different, the integrated high-frequency 
oscillators are hard to have desired oscillation characteris 
tics, and therefore, it is difficult to stably obtain a good 
transrnission-reception perforrnance. 
[0014] A radar apparatus disclosed in JP-A 2000-258525 
also needs to use the high-frequency oscillator as described 
above, and have same problem as mentioned above. 

SUMMARY OF THE INVENTION 

[0015] In consideration of the abovernentioned circum 
stances, an object of the invention is to provide a high 
frequency oscillator that can tune oscillation characteristics 
such as an oscillation frequency and a frequency modulation 
Width With a bias supply circuit of a variable-capacitance 
element as a component of the high-frequency oscillator and 
can stably exhibit good oscillation characteristics, and pro 
vide a high-performance high-frequency transrnission-re 
ception apparatus using the high-frequency oscillator. 

[0016] Further, another object of the invention is to pro 
vide a radar apparatus comprising the high-perforrnance 
high-frequency transrnission-reception apparatus described 
above, and provide a vehicle and a small boat that are 
equipped With the radar apparatuses. 

[0017] The invention provides a high-frequency oscillator 
cornprising: 

[0018] a high-frequency oscillation element for gener 
ating high-frequency signals; 

[0019] a variable-capacitance element of Which capaci 
tance changes by applying a bias voltage; 

[0020] a resonator connected to the high-frequency 
oscillation element, of Which oscillation frequency 
changes along With the change of the capacitance of the 
variable-capacitance element; and 

[0021] a bias supply circuit connected to the variable 
capacitance element, for supplying a bias voltage to be 
applied to the variable-capacitance element the bias 
supply circuit including a pre-set variable resistor for 
regulating the bias voltage. 

[0022] According to the high-frequency oscillator of the 
invention, the bias supply circuit supplies a bias voltage to 
the variable-capacitance elernent, thereby the capacitance of 
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the variable-capacitance elernent changes, and the resonance 
frequency of a resonance circuit changes, so that it is 
possible to change the characteristics of high-frequency 
signals given to the resonator from the high-frequency 
oscillation elernent connected to the resonator, and conse 
quently, it is possible to change the oscillation characteristics 
of the high-frequency signals. The variable-capacitance ele 
rnent changes the capacitance thereof depending on the 
magnitude of the bias voltage applied thereto. The bias 
voltage applied to the variable-capacitance elernent changes 
depending on a resistance of a pre-set variable resistor that 
regulates the bias voltage. When the value of the bias voltage 
is properly set by the pre-set variable resistor at the time of 
regulation of oscillation characteristics, an operation is con 
ducted so that the once set value of the bias voltage is kept 
at other times, for example after a completion of manufac 
turing an apparatus by use of the high-frequency oscillator. 

[0023] Consequently, a high-frequency oscillator can tune 
the oscillation characteristics of the high-frequency oscilla 
tion elernent so as to become optimum With the variable 
capacitance elernent Whose capacitance is regulated to a 
proper one by the bias supply circuit, and moreover, can 
stably maintain the good oscillation characteristics. 

[0024] Further, in the invention, it is preferable that the 
pre-set variable resistor is composed of a trirnrnable chip 
resistor. 

[0025] According to the high-frequency oscillator of the 
invention, in the above con?guration, in the case Where the 
pre-set variable resistor is composed of a trirnrnable chip 
resistor, it stably keeps a set resistance value even if eXternal 
forces such as vibrations are applied from outside after 
regulation of the resistance value because the trirnrnable 
chip resistor does not have a movable part, With the result 
that a high-frequency oscillator that can stably and securely 
maintain good oscillation characteristics is realiZed. 

[0026] Furthermore, in the invention, it is preferable that 
the bias supply circuit includes a test terminal for applying 
a test bias voltage to the variable-capacitance elernent. 

[0027] According to the high-frequency oscillator of the 
invention, in each of the above con?gurations, in the case 
Where the bias supply circuit includes a test terminal for 
applying a test bias voltage to the variable-capacitance 
element, a test voltage is inputted to the test terminal, and it 
is thereby possible to accurately knoW in advance a bias 
voltage that should be applied to the variable-capacitance 
element of the high-frequency oscillator When it is inte 
grated into a high-frequency transrnission-reception appara 
tus, With the result that a high-frequency oscillator that can 
accurately and securely set a resistance value that should be 
set in the pre-set variable resistor Without taking time for 
regulation is realiZed. Besides, since a resistance value that 
should be set in the pre-set variable resistor can be obtained 
from the value of a bias voltage that should be set even if the 
pre-set variable resistor is one that cannot change a resis 
tance value reversibly, a high-frequency oscillator that can 
securely set a resistance value that should be set in the 
pre-set variable resistor is realiZed. 
































